A method is presented in this paper that can easily identify the critical part of the power system. So the critical part can be protected to avoiding damages from nature disasters as well as human factors. This model avoids computing complicated parameters such as the electrical betweenness etc. and it works form the perspectives of the individual characteristics of the power system and the complex network field. Also, the effectiveness and feasibility of the model are verified through the comparison with the traditional method called AHP.
Introduction
It is a practical significance research to estimate the importance of nodes. For instance, in power grid, some nodes plays a significance role in the connectivity, and it will cause huge losses when they breakdown. Previous studies have shown that, the statuses of nodes in the reality network are of great difference. In scale-free networks, it have been proved that when 5% of the core nodes are attacked, the network will fail [1] . Therefore, to identify and focus on the reliability of these nodes becomes increasingly important.
In recent years, the traditional methods of complex network node importance evaluation include the method of betweenness, the method based on the shortest path and the number of spanning tree evaluation, the factor analysis algorithms and the node deletion method [2] [3] [4] [5] [6] . The reference [7] uses the Triangle mold operator to fuse the importance of transmission characteristics of the network and characteristics of the nodes, which overcomes the limitations of a single indicator. However, it cannot fully reflect the importance of nodes on backbone telecommunication network [8] .
In this paper, we do some preliminary exploration to estimate the importance of the power system node and proposed the estimate model. And to verify its effectiveness and feasibility, we make a comparative analysis on the method and the traditional AHP
Evaluation index on the importance
Topological parameter on the grid In this paper we consider the power grid as networks which is an ordered pair G= (N, L) comprising a set N of nodes together with a set L of edges. We use the adjacency matrix A= [a ij ] to represent the Connections. If there is an edge between i and j, a ij =l. (i.e. L L ij  ); Otherwise , a ij =0,which means there is no edge between i and j(i,j=1,2,…,n).There is an example in Figure 1 , and the adjacency matrix is A. 
1) The degree of nodes
The degree of node i, represented as is defined as the number of the neighbours of node i. D(i) is the sum of elements in the i-th row and i-th column in directed graph while only the sum of elements in the i-th row in undirected graph.
2) The levels of nodes The levels of generation nodes reflect the influence of the nodes and transmission paths, which can be represented as L (i). To acquire the calibration of the levels of generation nodes, we start from the source point, and sequentially search each levels of power supplying nodes on the base of adjacency matrix A. For convenience, we first number the generation nodes and transition nodes at last. Wang Qian [9] has expounded such a search method, nonetheless, the classification of the multiple generation nodes has not introduced. Our improved methods are as follows:
(1) Searching for the 1 st level. The first target is to find out the generation nodes, then set it as the first level. If the system has multiple generation nodes, they are all defined as the first level, Then, we make the 2nd searching on the rest of the nodes from the power point separately. In Figure 1 , node 1 is the generation node so is the 1 In the search process, the same node that is searched from the same generation node may have different levels. We choose the higher levels (I>II>III……) to meet the "proximity principle"; Last but not the least, we choose the higher levels when we get the different levels for the same node that is searched from different generation node.
The scale scheme of node topology factors used in this paper is as follows: The rows represent degree, and the columns level. Table 1 There are the principles in Table 1 , that importance of node is positive correlative with its degree and negative with its level.
The attributes parameter of the grid 1) The capacity of nodes
We use the load capacity per unit to reflect its capacity based on the scale of the grid.
2) The type of the nodes The types of nodes are divided into two categories: the generation node and the substation node.
The model of importance evaluation
The network model of the power system Power system is a large and complex system. In order to analysis in network view, some simplifications must be made according certain principles and logical relationships between the different parts. The principles of simplifications are as follows [10] [11]:
(1) Only concern about power plants and high-voltage power transmission in power system, and simplify the remaining part of the distribution into one node; (2) Regard the main wiring system of the power plants and substations as the nodes in the network graph, and the transmission as a directed edge connecting two adjacent nodes in the network graph; (3) No matter how many circuits between power plants and substations, they are regarded as only one.
Power system can be simplified into the network model that contains only nodes and edges according to the principles above, which reflects the topology and logical relationships of power system. The importance evaluation model of AHP AHP: Analytic Hierarchy Process is a practical method for making a multi-factor decision.
Generally speaking, power plants should be the most important nodes, although its degree is very low. As it is shown in Figure 2 Table 1 .
We can find nodes with highest degree are node 2 and node 3. However, node 4 and node 5 are more essential to power system as they are the generator nodes, while they have lower degree.
Taking into account the "2-8 Principles" in economics (i.e.20% nodes would contribute 80% in the system), we assume the weights of generator nodes ω 1 =0.8 while substation nodes ω 2 =0.2. They are called the 1 st level weight. In addition, the 2 nd level weight contains degree, level and capacity. Among them, the degree and level are the topological properties, and the capacity is individual attributes. Their value should be determined according to their influences on the node importance. In this paper, tentative values are: ω d =0.4, ω l =0.4,ω s =0.2. We can make the appropriate adjustments based on the scale of practical grid, the actual engineering features as well as the expert advice. Figure 3 is the analysis model of hierarchy evaluation weight. The comprehensive importance evaluation model AHP establishes the index scale, and when there are too many nodes, the solution process will be cumbersome and difficult to defined hierarchy. Also there is a time-consuming problem. So, the paper presents a new model for importance evaluation, which makes up part of the shortages in AHP.
Now the importance of indicators definition of nodes is as follows:
Where, imp is the importance degree of nodes; d i , l i are degrees and levels separately (unscaled); W is the weights of nodes type (when the node is a generation node, W=0.8; and when it is substation node, W=0. 2) S N is the node capacitance per unit; Meanwhile, in the right parenthesis formula, topological factor also be made by the normalization process to make it easy for summation; Weights:
The process of importance evaluation is shown in Figure 4 :
Fig.4. Evaluation process based on a comprehensive evaluation

The case analysis
Let the IEEE-14 nodes model for an example. Our method neglect the direction of edges in topology, the simplification of the model is shown in Figure 5 . IEEE-14 nodes system benchmark capacity is 100MVA in the distribution network, and the initial load values of nodes are shown in Table 2 . To make it easy to number, we number generation node first. The adjustment is as follows:
. Model after the adjusted is shown in Figure 6 : 
Calculating importance degree with each node by AHP model
The adjacency matrix of the system is as follow: In the power system, due to distributed power, levels of node could not too high. It also means our calibration criterion is feasible. Now, we set the node 1 for an example to calculate the importance of index: Likewise, we obtain an importance index of each node in Table 3 . Note: Type 1 is the generator node, while type 0 is substation node. Each node data is shown by the histogram is as Figure 7 : Fig.7 . Results of Node Importance Evaluation by AHP From Table 3 and Figure 6 , the importance index generator nodes in descending order is:3>2>5>1>4 and the importance of substation in descending order is: 8>9>6>13>12>11>7>14>10; The degree of importance of the whole system node is:3>2>5>1>4>8>9>6>13>12>11>7>14>10. The degree of importance of each node by comprehensive evaluation model Based on formula (1), we use the node 1 as an example to compute the importance index:
Likewise, we obtain an important index of each node, and the results are shown in Table 4 . As apparent from Table 3 and 4, the importance index of generator nodes in descending order is: 3>2>5>1>4. And substation nodes in descending order is:8>9>6>13>12>11>7>14>10; The importance index of all nodes in descending order is: 3>2>5>1>4>8>9>6>13>12>11>7>14>10.The results are consistent with the AHP.
The importance index curves by the two methods are drawn in the Figure 9 . The red curve shows the result by AHP and the blue one by our method. The two curves fit very well. We believe that the importance of one node is positive correlative with its degree and the capacity and the closer it is to the generator node, the more important it is. Therefore, our method can better distinguish importance of nodes. Besides, it can achieve progressive evaluation of the importance and respectively show the importance of the nodes in different levels. Since the method we have proposed does not involve meticulous level division, and it avoids deciding the topology scale by the degrees and levels. Meanwhile it prevents to construct overcomes fuzzy judgment matrix when the number of factors exceeds the upper threshold. So, in a large grid, the importance evaluation will be greatly simplified and accurate. 
Summary
This paper has done some preliminary discussion in the evaluation of importance in the power system, and proposed a model to assess the importance. Meanwhile, it also provides a theoretical basis on the system for the identification of key nodes, which should be well protected. In addition, through a case study to verify its validity, drawing the following conclusions:
(1)The feasibility to identify the critical nodes in power system is verified in this paper. The critical nodes can be damaged by nature disasters as well as human factors, which lead to the problem of power flow or avalanche effect, and at last cascading failure occurs and results in widespread blackouts. So it is so important to identify the important nodes and focus on protecting them to decline the risks.
(2)The result of the experiment shows that our method of identifying critical nodes is efficient to the nodes that are of the same type as well as of the different type in the same level. The result of estimating can tell us which part should be focused on protected to prevent widespread blackouts. It is useful to reinforce the nodes of high importance or improve redundancy before the nature disasters or negative human factors appear.
